The fatal and non-fatal injuries related to work in commercial fishermen operating out of New Zealand ports is described. Three data sources were used to provide information on the nature of the injuries sustained, as well as their circumstances. High rates of fatal and non-fatal injury were found, with most deaths attributed to drowning, and concerning a vessel operating in rough seas or poor weather. A higher fatal injury rate was found for the west coast of New Zealand when compared with the rest of the country. This is likely to be due to a combination of factors, including rougher sea conditions, a lower density of fishing vessels operating in the area, and the siting of many west coast fishing ports at dangerous river and harbour bars. Injuries to hands and fingers related to the use of winches, machinery and knives were common, as were back strains associated with lifting, and a variety ofinjuries resulting from falls. There is need for a comprehensive injury information source, such as an industry based register specific for fishing, so that effective preventative strategies and their evaluation can be developed.
bidity and mortality for many groups in society."
There are indications that commercial fishing is one of New Zealand's more hazardous occupations.
Recent research by Cryer and Flemming' has suggested that the rate and number of fatal injuries related to commercial fishing in New Zealand is high.
New Zealand has a small but important fishing industry, supplying domestic and export markets. In 1984, it occupied about 3200 commercial fishermen, and fish exports contributed 4-42% ofNew Zealand's total export earnings.3 Traditionally, it has been dominated by small fishing vessels (< 12 metres in length) working the inshore fishery. This is still the situation in the 1980s, although there has been an increasing trend towards larger vessels exploiting the deeper waters of the outer exclusive economic zone. 4 In New Zealand, a survey of a sample of South Island commercial fishermen performed by the Department of Health in 1980, showed that these workers perceived their major work related injury problems to include back injuries, noise induced deafness, and penetration injuries from knives, fish spikes, and fish hooks.5
The combination ofa cold, wet, and noisy working environment, long hours of work, and the social problems associated with prolonged periods away from home appeared to contribute greatly to work related health problems. Many of the injuries were attributed, at least in part, to the unstable working platform due to the constant movement of the boat.
A British study of fisherman over the period showed a high work related rate offatal injury that caused concern in the United Kingdom.6 Other British studies79 also indicated that deep sea trawler fishermen have a particularly high risk of morbidity and mortality resulting from injury related to work.
There has been little research to determine the size, nature, geographic distribution, or surrounding circumstances of the total (fatal and non-fatal) work related injury experience of commercial fishermen in New Zealand. The primary purpose of our study was to consider these issues.
Methods
Information on injuries related to work was from three data sources and in each case, injuries occurring to fishermen while travelling to and from work were excluded.
The data base for the fatal injuries was the same as In view ofthe observation that most ofthe fatalities concerned an incident in which the fishing vessel was lost at sea, the distribution of fatalities around the New Zealand coastline was investigated by calculating rates for fatal incidents (rather than injuries) occurring in fishing vessels in various coastal areas. A fatal incident was defined as an event which led to the death of one or more fishermen at work, and this was expressed per 1000 boat-years. The geographical areas of interest included the west coasts of both islands, the north east coast of the North Island, and the remaining New Zealand coast (east coasts of both islands, and the south coast of the South Island). The coastline was also subdivided in an alternative manner, into "wave environment" areas according to the level of wave energy (see fig 1) . The overall rates of fatal incidents for these various coastal areas were calculated, utilising denominator data from the 1980-1 New Zealand Census of Fishing'2 on the port of domicile of New Zealand fishermen and vessels. Data for each coastal area were therefore derived from an aggregation of the data for the fishing ports situated within that area. An assumption was made that most of the fishing vessels operating in -a particular area would be based at a local fishing port. This seemed reasonable given the knowledge that during 1974-84, 85% of fishing vessels were small (< 12 metres in length),4 and for economic and practical reasons, usually operate around local coastlines.
The type of information available for each fatal incident determined how individual cases were assigned to a particular coastal area. The specific location of the fatal incident was identified in 34 of the total 56 fatal incident cases. In 16 cases, the base port for the vessel was stated, but in another six cases where this information was not available, the fishing port at or closest to the stated address of the vessel's owner was taken to represent the base port (most fishing vessels in New Zealand are owner operated or operate from the area in which the owner is domiciled). Two other cases were excluded from this part of the analysis as the site of the incident could not be definitely identified.
Information at discharge from hospital was obtained from the National Health Statistics Centre for all cases coded to water transport injuries (E codes 830-838)" for the eight year period 1980-7. Although this data source does not code cases to occupation, a rigorous exclusion process based upon examination of the descriptive data for occupation, injury circumstances, and location of injury contained on the data file, was undertaken to isolate all the cases likely to be commercial fishermen injured while performing their normal working duties. Cases were excluded where it was felt that any doubt existed. Readmissions and cases coded to those domiciled overseas were also excluded.
The third data source was the record of compensatable claims for injury for the 1987-8 financial year from the Accident Compensation Corporation (ACC). The ACC is a government body established to compensate victims ofpersonal injury by accident, as well as to promote the rehabilitation and the prevention of unintentional injury. This group includes all work related injuries that occurred to fishermen coded to NZSCO codes 6411-19 where a claim to the ACC had been compensated, and may be expected to include some overseas fishermen as they were not identifiable within the data file. Only injuries leading to a compensated claim are included (usually those that had resulted in more than one week off work). Descriptive information such as exists for fatalities and cases that were in hospital is not available for this source. The coding system used provided a reasonable classification of diagnosis of injury and the associated cost in most cases. It proved difficult to quantify the circumstances of the injuries, however, due to the low specificity of many coding categories in the ACC system.
In generating rates of injury by age group (for all three data sources), denominator populations of fishermen for each year were derived by linear extrapolation and interpolation from the New In most cases (78%) the vessel foundered (filled with water and sank) and of these, the boat capsized in 27%. Although the specific activity just before the fatal event was not specified in 33% of cases, another 30% mentioned lifting nets or lobster pots, and 15% of boats were either heavily laden or returning to port at the time. Figure 1 shows the geographical distribution of fatal incidents around the New Zealand coastline. Table 2 gives the results of significance tests for these rates of fatal incident by coastal area. The usefulness of these findings is limited by small numbers, and assumptions that had to be made in linking the base port of the vessel with the scene of the fatal incident. The results indicate, however, that increased rates of fatal incidents occurred on the west coast of New Zealand. Significance tests also suggested that the north eastern coastline of the North Island may be a relatively safer region, with fatal injury rates only one third those of the west coast regions.
When the fishing ports were categorised by wave environment, differences were found between the rates for the high and low wave energy areas. The difference observed between the exposed coast and the rest of New Zealand was almost significant (p = 0 06). A trend within this categorisation was evident with higher rates for those areas of greater coastal wave intensity (X' = 3.59, df = 1, p = 0-06).'
INJURIES REQUIRING TREATMENT IN HOSPITAL
The 154 cases of injury that required treatment in hospital gave an estimated rate of 6-0 per 1000 fishermen a year. An overall decrease was found in the rate of fishermen needing treatment in hospital from 1980 to 1987. This was statistically significant (trend analysis'4; x' = 4-81, df = 1, p = 0 03). Figure 3 shows the most common types of injury group compensated and indicates the level of ACC costs incurred.
One hundred and thirty nine of the 307 cases were diagnosed as strains or sprains. Back strain (87 cases) represented almost two thirds of these and 28% of the total injuries. This agrees with the finding that over one third of the injuries (121 cases) were recorded as having occurred during lifting, lowering, loading, or unloading, and boxes (probably containing fish in many cases) were specified in 28 of these. The compensation for back strain injuries was 36% of the total cost, and indicates the importance of this injury group. Strains of the knees, shoulders, and forearms were also common.
The second most common diagnostic group were fractures. Half of these concerned the hand or fingers, which were also the most common parts to be lacerated or superficially injured. reflecting another hazard of the fishing workplace. Injuries to the hands and fingers made up 78 (25 %) of the cases. Operating machinery (including winches) in 35 cases, and the use of knives (13 cases specified) were frequently associated with these hand injuries.
Discussion
This study has shown high rates and numbers offatal injuries, injuries requiring treatment in hospital, and ACC compensated injuries for commercial fishermen in New Zealand.
In considering the injury rates identified in this study, it is necessary to point out that some misclassification bias may occur in either direction due to different sources being used for numerator and denominator populations. This is not, however, expected to be large for the fatal injuries and ACC claims data. For the injuries requiring treatment in hospital, the rigorous exclusion process undertaken in the course of case determination is likely to have led to an underestimation of the true numbers.
It should also be noted that while the three data sources may be expected to provide a gradient of severity of injury, they are not mutually exclusive and individual cases may occur in one or more of the data sources.
The fatal injury rate of 2 6 per 1000 fishermen a year over the 10 year period was the sixth highest in New Zealand, behind a number of high risk but numerically small occupational groups such as agricultural helicopter pilots and demolition labourers. The total number of 79 deaths was second only to the large farming occupational group.
Most of these fatal injuries occurred offshore as a result of the fishing vessel foundering, often in bad weather or There are few other occupational groups with which to compare such rates in -New Zealand. A study of forestry workers for 1984 showed a much higher New Zealand hospital discharge rate of 20 per 1000 per year (PC Cryer, K Ehrman, unpublished observations). This group had a slightly higher ACC compensated claims rate compared with the fishermen but a considerably lower fital injury rate of 0-8 per 1000 a year. The comparison of these two reputedly dangerous occupations therefore, emphasises the importance of a high fatal to non-fatal injury ratio for fishermen.
Both the hospital discharge and ACC-compensated claims data suggest similar predisposing circumstances for injury. These include working with winches, ropes, and machinery, lifting boxes of fish, handling knives and fish spikes, and falls. Despite the relatively unavoidable factors already mentioned such as the weather and sea conditions and the heavy manual nature of the work, many of these injuries are likely to be preventable within the reality of reasonable economic and practical constraints. It is not the purpose of this paper to speculate upon possibilities for the development of preventive strategies, although the development of proactive interventions by and for those concerned with the fishing industry is obviously the desirable outcome in the longer term. It has already been mentioned, however, that existing data sources are inadequate to complete the picture describing the major factors causing injury. In addition to those factors relating to the nature of fishing and the vessel, other important factors pertaining to the individual worker such as experience, fitness, fatigue, use of safety equipment, and the contribution ofalcohol and drugs, are currently not documented in New Zealand. Limited investigations into the effects ofwork stress on fishermen have been conducted in Norwegian7 18 and Polish'9 studies, but possible relations with work related injury were not examined.
In order for more progress in prevention of injury to be made in the face of the changing nature of the fishing industry, an effective register of work related injuries needs to be established.
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